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UDC 551.577.21(217.17)
CLIMATIC VARIABILITY OF TOTAL MONTHLY PRECIPITATION IN THE. NORTHERN HEMISPHERE
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 5, May 81 pp 5-16

[Article by Professor G. V. Gruza,Candidate of Geographic Sciences Ye. G. Apascva,
= All-Union Scientific Research Institute of Hydrometeorological Information--World
- Data Center, manuscript received 16 Sep 80]

[Text] Abstract: A study is made of variability characteristics of total
monthly precipitation anomalies with respect to individual regiors and
latitudinal belts of the northern hemisphere in January and July
1891-1979 in the 0-85° north latitude zone.

The quality of the initial data on the precipitation anomalies obtained
by visual interpolation to the nodes of the geographic coordinate
grid with 2.5° grid intervals is estimated.

The statistical parameters of the anomalies were calculated with
respect to several segments of the instrument observation period.
It is demonstrated that depending on the scale of the area
averaging and the time period, the magnitude and sign of the linear
trend vary significantly. On the whole, over an 89-year period
throughout the hemisphere the anomalous nature of the January
precipitation is increasing, and July, decreasing.

By comparison with the temperature, the total monthly precipitation is characterized
- by much greater spatial variability. Accordingiy, and for other generally known
reasons, climatic conditions have long been studied by station observation data.
However, the necessity for evaluating the precipitation climate for an entire
hemisphera, similarly to how this has been done in a number of global temperature
studies (the last of which [1], also contains recommendations on the forms of
- representation of empirical characteristics), leads to the conclusion of
= expendiency of using a data which are smoother and more regular in space. In
the present paper, the original maps of [4] have been selected as the source
of information from which by visual interpolation, an archive of precipitation
anomalies has been created for January and July 1891 to 1960 in percentages of
the long-term mean (the norm) at the nodes of a coordinate grid of points with
parallel and meridian intervals of 2.5°, The data for 1961-1975 were prepared
at the GGO [Main Geophysical Observatory] by the procedure of [4], and maps of
the anomalies in percentages of the "Clino" norms (1931-1960) compiled at the
USSR Hydrometeorological Center were used for 1976-1979.
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By comparison with the tetal precipitation field, the anomaly field is more
uniform in space inasmuch as the division by the "norm" smooths the regional
singularities. Additional smoothing is accomplished by visual interpclation. On
the whole, the quality of the archive data varies as a function of the method of
measuring the precipitation and processing the measurement results, the accuracy
of which is determined by the methods of calculating the norms, reproduction of the
uniformity of the series, anomaly mapping, and also visual interpretation from the
maps, and so on. Without discussing the measurement procedure, which has been
sufficiently discussed in the specialized literature, let us try to evaluate the
quality of the preparation of the archive which will naturally be approximate in-
asmuch as it does not appear possible to define exact quality criteria as yet.

The precision of the interpolated anomaly fields depends primarily on the density

of the network, approximately characterized by the number of stationms used when
preparing the maps (Figure 1).
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Figure 1. Variation of the number of stations in 1891-1979.
1 -—- northern hemisphere, 2 -- foreign territory, 3 -~ USSR

Until 1910 the network was two or three times smaller than at the present time,
and during the world wars, the number of stations diminished abruptly. On the
whole throughout the hemisphere 1400 stations have been recently used. Is this
many or few? Obviously, it is not so simple to answer this question, for calcula-
tion of the required number of observations 1s complicated by the anisotropicity
of the spatial correlation function which is still unknown to us.
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Figure 2. Quantity of data at the nodes of the coordinate
grid, 1891-1979
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Let us use a map of the number of observations at each node for 8% years to
characterize the completeness of the data (Figure 2). Its distribution with

- respect to the hemisphere is far from uniform. The blank spots are the central

’ parts of the oceans; the series is insufficiently long in the polar and aquatorial
regions and in the Tibetian Highlands. The existing gaps, generally speaking, can
be filled in, as has been done, for example, in [10] for precipitation over the
Pacific Ocean. At the present time it is possible to use satellite observations

for this purpose. Establishment of this type of relationis a subject for indepen-
dent research.

As for uniformity of the series, an indirect characteristic of which can be the
value of §R=R-100 characterizing the difference between the ideal anomaly norm
(100%) and the actual long-term mean R for the investigated period, judging
by the maps of SR the uniformity is disturbed in the American sector of the Arctic,
the oceans and at the boundaries of arid zones which have different locations in
January and July. The latter include iagions where precipitation does not fall
annually (Africa, Central Asia). In the temperate latitudes of both continents

8R does not exceed +5%, including the territory of the USSR where, as is known,
the measurement procedure and norms have changed many times. Thus, it is possible
that the norms calculated over 50 or more years do not depend on the limits of the
period [8]. The procedure for processing the initial data for anomaly maps is
discussed in more detail in [4].

An idea of the accuracy of the interpolation can be obtained when comparing the
spatial correlation of the total monthly precipitation in the central regions of
the European part of the USSR with interrelation between the anomalies in Moscow
and the grid node closestto it, the distance between which was 174 km (Table 1).

- In the first column of the table the autocorrelation of the station observations
is presented for this distance (according to the data of [6, 7]). In the winter
this autocorrelation turned out to be higher, and in the summer, lower, then the
precipitation correlation at Moscow Station and at the nearest node of the grid
included in the investigated archive (the second colum). It is possible that
the summer precipitation is smoothed to a higher degrec by visual interpolation
than the winter precipitation.

Table 1. Correlation Coefficients of the Total Monthly Precipitation

Precipitation at the stations Precipitation at the node ¢=55°
according to the data of [6, 7] north latitude, A=40° east and
at Moscow Station
January July January July
0.75 0.54 0.73 0.62

In order to check the correspondence of the archive data to the actual fields, a
comparison was also made between the behavior of the deviations from the norm of
the long-term average precipitation for America takenfrom [9] with the curves in
Figure 6, which demonstrates their similarity.

Considering the rounding (10%) used when preparing the archive and the maps of
SR that we obtained, the conclusion must be drawn that the errors connected with
nonuniformity of the series and other errors do not go outside this limit in the
temperate zone. Over the American sector of the Arctic and the shipping lanes
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of the oceans the errors increase, and the data become unreliable. On the whole
it is possible to consider that the archive data reflect the basic laws of
precipitation and can be used in the first approximation to estimate the climatic
parameters.

The statistical precipitation characteristics, including smoothed over large terri-
tories, have been investigated many times, but the global field is the initial
subject only in a small number of papers [3, 5, 9]. The University of Colorado

is conducting a planned study of the precipitation conditions over the continental
zones -- American, Eurasia, Africa [9]. The precipitation spectra averaged

over 10-degree latitudinal zones in the Northern and Southern Hemispheres are pre-
sented in [11].

Having more complete data over a longer period of time than in [9] and data that
is more reliable than in [11], we are able to obtain a number of important varia-
bility parameters, the procedure for the calculation of which was developed in

[2] and used in [3] to process part of the archive. A1l further conclusions per—
tain to precipitation anomalies in January and July characterizing the degree of
disturbance with respect to the long-term mean monthly total precipitation field.
Let us remember that these values, just as the total precipitation, have positive
asymmetry of distribution (the mean is greater than the mode), and the lower limit
of the anomalies is zero. ’

The trend of the anomalies over many years can be characterized approximately by
the linear trend factor 8, that is, the tangent of the slope of the approximating
straight line calculated by the time series data at each point of the grid

(Figure 3). A visual estimate of the areas indicates insignificant predominance

of the regions with increased precipitation in January and decreased in July. On
the whole, B does not exceed 1% per year. The B field calculated by the data for
the last 19 years looks different (Figure 4). The order of the values increases

to 4%/year, and alternation of the regions of opposite signs takes place more
frequently. Let us remember that in accordance with the value of SR the informa-
tion is reliable everywhere with the exception of the oceans. It is also necessary
to consider that on the equidistant projection maps in the polar regions, the
scale with respect to the parallels is enlarged, and in the equatorial regions,
reduced by comparison with the actual scale, which distorts the representation of
the proportion of the corresponding areas on the maps.

In order to obtain a more definite idea of the secular variability, let us cal-
culate the mean anomalies over enlarged regions distinguished by certain typical
features. The averaging over two continental zones of the hemisphere, as was

done in [9], appears to be too generalized, for along with the continental precip-
itation it is useful to have information about precipitation in individual regions
of Asia which have at the present time been distinguished with respect to predom-
inant direction of river runoff and also with respect to the central area where

the rivers flow into inland bodies of water. In Table 2 a list of regions is pre-
sented, and the number of ppdes,by the data of which the weighted mean (weight --
cosine of the latitude) was calculated, is indicated. The information at the

nodes falling in the arid zones (in Asia, America, Africa) where AR=0 is excluded
from the analysis. Analyzing the variability by individual segments of the 89-year
period (the data for 1976-1979 calculated short-series and therefore unrepresenta-
tive "Clino" norms are excluded from them in the first four intervals) in the
regions with most reliable data (Table 3), it is possible to arrive at the following
conclusions.
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Figure 3.

Linear trend factor (%/year), 1891-1979.
a -- January, b -- July
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Table 2. Regions of the Northern Hemisphere for Calculating
the Mean Precipitation. Anomalies

Region No of points

- Eurasia 1098
Northern Asia 391
. Central Asia 180
Southern Asia 205
Eastern Asia 145
Europe 235
Africa 285
North America 414

1. The long-tem average precipitation anomalies are, as a rule, €100%, which

is probably connected with reducing the local maxima during interpolation
(Southern and Eastern Asia in January, Central Asia in July, Africa). If we
assume that the reduction is systematic, then the conclusion can be drawn that the
fluctuations of the means reflect the actual variations in the precipitation con-
ditioms.

- 2. The data for 1976-1679 obtained by the 30-year "Clino" norms are included in
the analysis only in two periods out of nine to avoid distortions caused by the

- nonuniformity. At the same time it is possible to propose that the sharp increase
in the precipitation anomalies in the last 16 years and, especially, the last
10 years, is connected with a decrease in the long-term average participa-
tion during the 1931-1960 period by comparison with 1891-1975.

3. On the whole in January data is larger than in July for all periods, including
for the last decade, when a sharp increase in the anomlies took place in both
months.

4, 1In two periods (1956-1975 and 1966-1975) a decrease in the January precipita-
tion is noted in the Eastern Hemisphere, and an increase in the Western Hemisphere.
In July, on the other hand, a negative trend is observed for the greater part of
Asia.

5. The relative dispersion o (the contribution of the linear trend to the total
dispersion) increases with a decrease in length of the series, but it is on the
whole small and obviously reflects the fact that there is no significant, well-
defined linear trend in the precipitation over the 85-year period.

Confirmation of some of the indicated singularities can be found on the graphs

of the behavior over many years of the anomalies in a number of regions and for

the 0-85° N belt as a whole matched with the third-order trend lines (Figure 5).

Tt is difficult to distinguish any regularity in the alternation of the maxima

and minima; therefore the conclusions of [11] of insignificant guarantee of the

. spectral frequencies of the mean zonal precipitation within the limits of 2 to 6

: years appears to be convincing. PReturning to the problem of uniformity of the
series, let us note that in the long-term behavior of the January anomlies
in Northern Asia, including the greater part of the territory of the USSR, there
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s a positive discontinuity in the 1950's
low.
effect of which could not be avoided, in spite
of preparing the initial data [4]. The stable
reflected in the largest of all the regions in
linear trend (B=2.9%/10 years) and also in the
It is obvious that in order to obtain reliable

after which the norm turned out to be
It is possible that this is a consequence of changing instruments, the

of the carefully developed method
inecrease in anomalous nature was
the 85-year period of positive
value of 0=167 corresponding to it.
estimates of the variability, the

uniformity of the time series has primary significance, and from this point of
view retaining the initial method of measuring the precipitation, in spite of its
imperfection, would be more useful.
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Long~term behavior of the third-order trend and anomalies.

‘ Figure 5.
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As has already been pointed out above, in reference [1] recommendations are pre-
sented with respect to the uniform representation of the empirical data omn
climate variability. Accordingly, in Table 4 estimates are presented for the
trend in the precipitation anomalies with respect to five latitudinal zones, in-
cluding, in addition to the precipitation over the dry land, data on the oceans
where they exist, that is, in the coastal zone and regions of intense shipping.
It is possible to see that the variation of the sign of B takes place to some
degree comparatively with respect to all zones. Thus, In January against a back-
ground of insignificant positive trends, there was an increase in precipitation
for the entire period in 1940-1964, after which came a decrease in 1946-1975 and a
sharp increase at the end of the period. In July the pattern of the sign

*[{(sic) -- translator's note: probably 1964.]
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alternation and magnitude of B with respect to zones and periods becomes more
spotty. Analyzing the long-term behavior of the anomalies by the graphs matched
with the five-year sliding means (Figure 6), it is possible to distinguish
approximately the same features as in Figure 5.

The basic experimental results consist in the following.

1. The archive of precipitation anomalies created by visual interpolation by the
originals maps of [4] has precision sufficient for estimation of the climatic
variability of the precipitation on the continents.

2. The representation of the precipitation data in the form of anomalies in per-
centages of the norm permits us to achieve spatial smoothing and thus convert
from analysis of the point observations to a study of the precipitation field in
the hemisphere.

3. The parameters of the field variability vary significantly in space and time;
therefore in order to distinguish the characteristic features it is recommended
that the anomalies be smoothed on the scales of the subcontinents.

85,0-72,5
150y b)

o %t E.Ki.....igyl
1900 1920 19:0 1960 1900 1920 1940 1960 1500

Figure 6. Long-term behavior of anomalies by latitudinal
zones and 5-year sliding means (%).
a -- January, b —- July.

4. The growth of the anomalous nature in January and insignificant decrease in
July are obserwedon the whole for the hemisphere in 1891-1975.

5. The primary problems of future research must be restoration of the uniformity
of the series by converting to a united long-term norm and aalculation of the

climatic characteristics of the total precipitation. It is also possible to note
the necessity for analyzing the trends of the continuous (in contrast to monthly)
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normalized precipitation series and to calculate the irterrelations with the
air pressure and temperature variations.

In conclusion, the authors express their sincere appreciation to G. T. Gnevko for
the organization and performance of the work of creating the archive and

E. Ya. Ran'kova for the library of computer programs put at our disposal for the
calculations.
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UDC 551.(510.522:553:554) (47+57)

CLIMATIC CHARACTERISTICS OF VERTICAL WIND SHIFTS IN THE GROUND LAYER OF THE
ATMOSPHERE OVER THE USSR

Mos cow METEOROLOGIYA I GIDROLOGIYA in Russian No 5, May 81 pp 17-23

[Article by F. F. Bryukhan', Professor I. G. Guterman, All-Union Scientific
Research Institute of Hydrometeorological Information -- World Data Center,
manuscript received 18 Aug 80]

[Text] On the basis of the data from four-time radiosonde observations
in the boundary layer at 146 stations in the USSR for the
period from 1961 to 1970, the climatic characteristics of the
vertical wind shifts were calculated. The spatial climatic
pattern of the wind shifts was obtained. An analysis is made
of the shifts on the scale of the USSR in the 0-100 meter layer

. and over individual stations vertically. The diurnal behavior
and probability characteristics of the shifts are considered.

The consideration of the vertical wind shifts in the ground layer of the atmosphere,
as emphasized in the resolutions of the Fourth Meeting of the Committee on

| Aviation Meteorology of the World Meteorological Organization (KAM-IV vMO) [16],

| is very important to supporting safe takeoff and landing of aircraft. The study

: of the vertical wind shifts is also important for more thorough representation of
the wind conditions in the ground layer of the atmosphere inasmuch as the magni-

| tude of the wind shifts depends both on the thermal stratification of the
atmosphere and the interaction of the air currents with the relief of the under-

i lying surface.

The study of wind shifts is the subject of a comparatively small number of papers,
for interest in this problembegan to be shown only 10-20 years ago. The study of
the wind shift in the ground layer has been primarily based on the measurement
data on a meteorological tower at one station (in particular, on the meteorologi-
cal tower in Obninsk) [1-2, 12, 18, and so on]. Balloon data which permit a
detailed study of the wind shift conditions in individual regions have been used
more rarely [9]. In references [14, 15], generalized data from temperature-wind
sounding in the boundary layer for one station were used to analyze the wind
profiles and shifts. In [8] a detailed analysis is made of the wind shift dis-
tribution in the free atmosphere by radiosonde data. In reference [10] an
analysis was made of the shifts in the territory of the USSR based on the results
of radiosonde observations in the 1000 to 850 mb layer. However, maps constructed
in [10] for the indicated layer are of no practical significance in view of the
great thickness of the layer, although they are of interest in climatological
respects.
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In order to study the shift distribution laws and methods of predicting these
shifts to promote flight safety it is first necessary to investigate the basic
climatic features of the wind shift distribution. Such a study is made in this
paper.

In the paper four-time radiosonde observations over a 10-year period (from 1961
to 1970) at 146 stations distributed uniformly throughout the territory of the
USSR, were used. On the average approximately 250 observations were made at each
station at one time of day over the entire 1l0-year period. Multiplying by four
we have a total of 1000. The initial wind data were taken on the windvane
level (8-12 meters), at altitudes of 100, 200, 300, 500, 600 and 900 meters
reckoned from the station level and at altitudes of 200, 500, 1000, 1500, 2000,
and 3000 meters reckoned from sea level.

The described data take up significant space, and for effective use at the
VNIIGMI-MIsD, an archive of observations with respect to the boundary layer was
created on magnetic tapes on the Minsk-32 computer and the unified system of com
puters. Information is packed on these tapes with maximum recording density,
which permits the data from three stations to be recorded on one tape. In the
phase of formation of the archive, a rough check was made of the initial data by
the procedure described in [3]. By cooperation between the Arctic and Antarctic
Scientific Research Institute and the Moscow Division of the VNIIGMI [All-Union
Scientific Research Institute of Hydrometeorological Information], under the
direction of K. Ye. Chernin, a set of programs was written for processing the
indicated data, in particular, the programs for calculating the characteristics
of the vertical wind shifts.

As a result of the fast rise of the radiosonde, the accuracy between the wind
speed and direction is greatly inferior to the accuracy of measuring the wind on
meteorological towers and masts. During mast or tower measurements it is possible
to obtain a detailed vertical structure of the wind at several points in the USSR.
Although the radiosonde data are less accurate, they offer the possibility of
obtaining a three-dimensional picture of the wind in the boundary layer of the
atmosphere. A large number of observations and a quite large set of altitudes
obviously permit us to obtain reliable climatic characteristics of the wind shifts.

The calculation of the characteristics of the vertical wind shifts based on the
velocity differences of two adjacent levels contains a double random error. There-
fore, the magnitude of the shift is calculated with less accuracy than the values
of the velocities themselves on the levels. In addition, the accuracy of
determining the wind shift depends on the thickness of the layer for which it is
derermined. Thus, the shifts calculated for layers of different thickness can not
be compared to each other. Thus, by the results of the calculations presented
below, a maximum shift is easily detected in the 500-600 meter layer comparable

to the values in the lower (300-500 meters) and higher (600-900 meters) layers.
The problem of the relation of the layer thickness to the wind shift in the

ground layer is investigated in detail in [4], and in the free atmosphere, in [81.

The most important of the characteristie shifts used in aviation is Y -- the mean
value of the modulus of the vector shift. Therefore in the given paper basically
a study is made of the characteristics y (the monthly mean over many years) and
the recurrence of individual values of the modulus of the vector shifts.
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In Figure 1 the climatic maps of the modulus of the vector shifts in January and
July are presented for the 0-100 meter layer over the USSR. In January and also
in July the maximum shifts are observed over Northern Kazakhstun and Western
Siberia, over the Central part of the European Territory of the USSR, and over the
Northern part of Kamchatka. The minimum shift regions in January are traced west
of the Urals, over the Eastern Ukraine and Eastern Siberia.

Tn July on the whole throughout the USSR, the wind shifts are less than in
January. The peaks are located almost in the same regions as in the winter, over
Central Asia and Western Siberia. Over the other regions the wind shifts are
basically minimal.

A comparison of the maximum and minimum shift zones both in January and in July
indicates that relief has the predominant significance in their formation. 1In the
annual behavior the latter acts on the nature of variation of the wind with alti-
tude in practice uniformly in contrast to circulation or, in particular, the
horizontal nonuniformity of the temperature field. Both the latter factors, as
is known, have significant annual variation.

The powerful shift maximum over Northern Kazakhstan in January is connected with
the influence of the Ural Mountains and the exit of the air currents to the
Western Siberian Plain. The Southwestern Currents, which prevail over the
European territory of the USSR, flow around the Ural Mountains, change direction

- to the south and partially cross over the mountain range. Additional turbulence
with unstable stratification or lee waves with lifted inversions can occur depend-
ing on the thermal stratification of the air after the mountain obstacles [17].
In the case of stable thermal stratification the current lines on the lee side of
the mountains are clustered toward the ground surface. The indicated factors lead
to large wind shifts.,

An analogous phenomenon occurs in July. The difference consists only in the fact
that the winds blow from the north and northwest and flow takes place around the
Urals from north to south. During movement of the air current toward the south
over the Western Siberian Plain and Northern Kazakhstan the wind intensifies, as
a result of which powerful shifts are observed over this region. The powerful
shift maximum in July is also caused by mesoscale circulation.

In the center of the zone of greatest mean monthly shifts over Northem Kazakhstan

- they reach 7.10~2 sec~l in January; over the_central regions of the European
Territory of the USSR they reach 5.10~2 gec™t. In the minimum shift zones, for
example, in the foothills of Central Asia, the Baykal region, over the northeastern
part of the USSR in the center of the Siberian winter maximum (Verkhoyansk,
Yakutsk) they amount to only 2.10"2 sec™1,

The field of the modulus of the vector wind shifts in July, as can be determined
by Figure 1b is less uniform with respect to territory, and the values of y them-
selves are smaller. In the regign of maximum shifts over the northemrn part of
Kazakhstan they reach only 5:10 ° sec™ . Over the central regions of the
European Territory of the USSR in July their values decrease to 4:10-2 sec™l in
January. At the same time it is characteristic that in Transbaykal, the belt of
increased shifts 5:10~2 sec~l is retained in both January and July.
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Figure 1. Climatic maps of the modulus of the vector wind
shifts Yy in the 0-100 meter layer (10"2 sec™1).
a == January, b —- July.

In the ground layer, near the underlying surface, the wind and shift characteris-
tics have significant diurnal variation. It is known that over the plains the
growth of the modulus of the wind velocity at the surface of the earth from night
to day and some righthand rotation of the wind vector predominate. At the

100 meter level, that is, on the upper boundary of the layer, inside which a
study is made of the vertical shifts, on the contrary, there is a decrease in the
velocity modulus in the afternmoon hours. Here inversion of the diurnal behavior
is characteristic [10, 12, 15]. The diurnal variation of the wind shifts is
formed accordingly.
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_ Figure 2. Diurnal variation of the modulus of the vector shift
in various layers in January (a) and July (b). Kzyl-Orda.

Figure 2 shows an example of the manifestation of the diurnal behavior of the
wind shifts. It is clearly expressed in the lower part of the boundary layer,
The shifts decrease from night to day as a result of a decrease in the wind
velocity at an altitude of 100 meters during the daylight hours. The author of
; reference [18] ‘arrives at the same conclusion on the basis of using the observa~
I tions at the Obninsk Tower. With an increase in altitude of the investigated
J layer the diurnal behavior damps, and at altitudes on the order of 500 meters and
i higher the shifts are insignificant.

In the table the July distribution is presented for the differences of the moduli
of the wind vector shifts in the 0-100 meter layer between night and day observa-
tions. This distribution was obtained by analyzing the results of the observations
of all 146 stations. The analysis demonstrated that in the 0-100 meter layer a
decrease in the magnitude of the modulus of the wind vector shift from night to

day gredominates. On the average in July the shift decreases by (0.8 to 1.0)-10'2
sec™*, The predominant number of cases (34.5%5fall in the gradation (1.1-1.5)-10"2
sec~l., As was already noted earlier, this takes place as a result of an increase
in the wind velocity from night to day at the surface of the earth with a simul-

i taneous decrease in it at the 100 meter altitude. However, the table data indi-

; cate that st some of the stations, a different diurnal behavior of the vector
shift modulus is observed. A detailed analysis shows that this diurnal behavior

is characteristic of stations over which local circulations are imposed on the

air currents such as mountain-valley, breeze, foehn, and so on (Nagayev Bay,

Ayan, Chita, Yuzhno-Kuril'sk, Dzhalal-Abad, Ust'-Barguzin).

For estimates of the degree of flight safety in practice frequently the probability
characteristics that the shifts will exceed a given value are used. The authors
constructed maps of the probabilities of the moduli of the vector shifts exceeding
values of 8:10~2 sec™! and 12:10~2 sec~l, The shifts of the values of 12:10~2 gec-l
by the KAM-IV VMO scale [16] are considered strong. They can be recognized as
still stronger if we consider that in the ground layer the wind gradients decrease
- rapidly with altitude, and for aviation the most sensitive is the shift in the
lower 60-meter layer. The corresponding maps are not presented in the given paper.
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Distribution of the Differences of the Wind Vector Shift
Moduli Between Night and Day Observations

Gradation,.10“4 sac—3

<—1,1{ -1,01—0,5{ 0,0 | 0,6 | 1,
1,

1
—0,6§-0,1] 0,5 | 1,0 5120125130135

Recurrence, % 1,4 | 5,0 | 85 117,0{19,5|34,5| 9,2 | 3.5 | 0,7 | 0.7

Tt must be noted that these maps are to a great extent analogous to the maps pre-
sented in Figure 1. For the majority of stations in the USSR the recurrence of
the shifts greater than 12:10~2 sec~l can be estimated in 2-3% of the cases in
January and in 0.5-1% of the cases in July, In the regioms of the largest
vertical shifts, shifts larger than 12-10~2 gec~l can be observed in January over
Kazakhstan with a probability of 7% and in July over Central Asia with probability
of 2% and more. The fact of the appearance of strong wind shifts over Central
Asia is confirmed in reference [9] on the basis of the analysis of balloon obser-
vations.

In Figure 3 the envelopes of the profiles of the maximum moduli of the vector
shifts for 10 years are presented for the Kzyl-Orda station. As is obvious in this
figure, shifts on the order of 20.10~2 gec—l and more can be observed in the lower
layers. The probabilities of such shifts are small —- less than 0.5%; however,
such shifts present serious danger on takeoff and landing of aircraft and by the
KAM-IV VMO scale belong to the category of very strong shifts.

HHM|

- 2000

w000

i - A ! I ] n
3 10 77 0 0%y,

Figure 3. Envelopes of the profiles of the maximum vector
shift moduli in January (a) and July (b).

The calculation of the probability characteristics of the wind shifts (recurrence,
quantiles, and so on) directly from the observation series is very labor-consuming;
therefore indirect calculation of them beginning with the use of hypothetical
distribution laws and their parameters is of obvious interest.

Let us assume that the vector of the vertical wind shift is distributed by a
normal law
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where Yy, Yy are the random shift components in the zonal and meridional direc-

tions;
;&, ;& are the components of the mean resultant shift;

Ox» U, are the mean deviations of the component;

y
r is the correlation coefficient between them.
Let us further assume that 0,0 and r=0. Then the shift vector is scattered by a

circular law., In this case the joint density of the modulus v and the direction
of the random shift B in polar coordinates assumes the form

3—-21,7cos(5—ﬂ)+1’ .
: 7.8 = e exp [~ ot ], @

1 where s= Vci + °§. =139, ]/.2_-": oy VQ— is the vector mean square  deviation.

|
3 By corresponding integration of (2) it is easy to obtain the distribution densi-
| ties of the direction and modulus of the shifts:

F(6)="’—;§u +Vwzet 1+ @@ (3
’ ) 2 ’ -12 . ?)‘7 .
| e S K

Here A=1,s, z="*cos(B—F)

o=V o+ 14, 8, = arctg (T,

Yr and Br are the modulus and direction of the mean resultant shift. The angles
B and B, are reckoned from the north clockwise.

Distributions of the type of (3) and (4) are known from the literature on the

wind statistics [7, 11]. The distribution of (4) is known as the generalized
Rayleigh law.

In order to use the distributions (2)-(4), in addition to the resultant shift
vector it is also necessary to know its dispersion. The mean square deviations

of the shifts usually are not calculated, aud they are presented extremely rarely
in the literature. Therefore it is necessary to use another distribution parameter
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analogous to the parameter of the climatic wind stability. It is determined by
the ratio of the modulus of the mean resultant shift vector to the mean value
of the vector shift modulus:

wn
N
=

(5

. This parameter proposed by 6. Ya. Narovlyanskiy, N. V. Kobysheva and
M. Ye. Kaulina [13] characterizes the degree of variability of the wind shifts
with respect to direction. For recalculation of s to X (this permits determina-
tion of o), it is possible to use the functions relating the analogous wind
parameters [11]. Then it is possible to use relations (2)-(4). Thus, in order
to know the distribution function of the shift vector, parameters Y, Y., Br must
be known. TFor calculations of the probabilities and quantiles of the vector
shift moduli, it is sufficient to know two parameters: Y and v,.

The calculations made by the authors in the example of the stations of the USSR
demonstrated that, as a rule, the hypothesis of Rayleigh distribution of the
vector shift modulus does not contradict the observation data for the 5% level of
significance of the Pearson number.
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UDC 551.(558,1+509.6)
SIMULATION OF THERMALS

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 5, May 81 pp 24-32

[Article by N. K. Didenko, V. N. Ivanov, Candidates of Physical and Mathematical

Sciences V. Ya. Korovin and V. V. Smirnov, Institute of Experimental Meteorology,
manuscript received 26 Aug 80]

[Text] The results of studying the evolution of thermals obtained
during volumetric combustion of aerosuspensions in a pure
atmosphere and under conditions of a model cloud environment
are presented. The proposed model of a thermal takes into
account the efficiency of the conversion of the chemical
energy of the suspension to buoyancy energy and also the
conversion of a spherical thermal to a turbulent vortex ring.

Examples of the practical application of the results are
presented.

Thermals on the order of a meter in size and with a height of rise on the order of

tens of meters were simulated by creating local sources of volumetric heat
release in the atmosphere.

The study of the ordered vertical movements of air in the form of thermals and
plumes 1is of interest from the point of view of constructing quantitative models
of the development of convection [1], and it has a number of important practical
applications in aviation and atmospheric process modification technology [13].

It is also important for the removal of impurities from atmospheric air [16], and
so on. Some of the laws of the evolution of the structure of thermals with differ-
ent initial parameters have been investigated theoretically [1-3, 14, 15] and
experimentally (see, for example [1, 12] and the bibliography referenced in them).
Nevertheless, there is no strict quantitative theory of the evolution of thermals
with high initial buoyancy energy. Such thermals (hereafter called intense) are
characterized by conversion to a spherical vortex during movement and then to a
vortex ring [2, 12, 14]. The laws of the temperature distribution and variation
of the rate of ascent of intense thermals with altitude under turbulent
atmospheric conditions also require further study.

The purpose of this paper was an experimental study of the dynamics of the
development of intense thermals created both under laboratory conditions and in a
real atmosphere on igniting an aerosuspension based on a metal aerosol.
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Experimental Procedure and Results

Analysis shows :that for the simulation of artificial thermals with comparatively
large initial volumes the use of the reaction of volumetric high-temperature
oxidation of fuel, in particular, based on metals of the aluminum and magnesium
type with high heat of combustion and high (by comparison with gas and liquid-
drop fuels) combustion rate of their aerosuspensions turns out to be effective.

An air-atomizing bumer with an output capacity of about 100 g of powder per

pulse was used to spray the powder. Spark and remote laser techniques were used
to ignite the aerosuspensions [6]. In order to insure continuous flame propaga-
tion in the aerosuspension, a concentration by mass of the fuel particles was
created no less than some limiting value, the so~called lower concentration limit
which for metallic aluminum is 45 g/m3, but no more than a maximum value defined
by the stoichiometry of the oxidation reaction (for aluminum, 300-310 g/m3). 1In
the experiments the concentration by mass of the reagent was 100-200 g/m3, and the
mean square particle diameter was 10 microns.

ot i ke S £

Figure 1. Television (a) and infrared (b) images of a thermal
inhomogeneity for the 10-second time mark

The experiments were run under the conditions of indifferent and stable stratifi-
cation at an air temperature of 290-300K and relative humidity of 60-100%. Using
temperature gauges [4], television and infrared imager, the variations with
time ot the temperature, geometric dimensions and speed of the thermal were
recorded. In order to obtain the infrared images (heat profiles of the thermal)
on wave lengths of 2-5.6 microns, the AGA-680 model IR imager was used. On
- conversion of the IR-imager readings to the temperature of the thermal it was
assumed that the radiation coefficient of the target is equal to one as a result
of the large optical thickness of the cloud of combustion products. The value of
the initial temperature of the thermal obtained in this way was 1300K. After com—
pletion of the combustion process (0.1-0.12 sec), a spherical cloud of heated air
with a radius of R Z1 meter with admixture of finely-disperse particles of com-
bustion products was formed, which rose quickly.
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Figure 2. Time variation of the rate of Figure 3. Variation of the mean
ascent (a) and radius (b) of a thermal temperature of a rising artificial
inhomogeneity: thermal (a) and the temperature in
1 -- experiment; 2 -- calculation by a the vicinity of the thermal for
model of a spherical thermal [151; t=1 sec, z=0 (b):
3 —- calculation by formulas of [3]; 1 — infrared imaging; 2 -- contact
4 —- by the vortex ring model measurements; 3 -- calculation by (2)

Key:
A. U, m/sec
B. t, sec
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Figure 4. Effect of a radiation source on the spectrum of
fog drops.
1 -~ spectrum before modification; 2 -~ after modification;
3 —- calculation by (6) for t=3 sec, AT=0.5K
Key:
a, microns
b. £:1073 cm=3 micron~!

An analysis of the television and IR images of a thermal inhomogeneity similar
to those presented in Figure 1 demonstrated that in the initial phase of ascent
for t<0.8 sec, its shape is close to spherical. For 0.8 sec<t<l.6 sec, the
spherical thermal is transformed to a vortex ring.

The variation of the basic parameters of the thermal with time is illustrated by
Figure 2. The presence of two peaks previously not noted in the literature on the
curve of the variation of the rate of ascent in Figure 2a is of special interest.
The first peak is reached at the 0.8 second time mark. At that time conversion of
the spherical thermal to a torus begins. The second peak (t=1.6 sec) coincides
with the time of completion of the formation of the vortex ring. In Figure 2h,

by the radius R for t<0.8 seconds we mean the radius of a sphere, and for t>0.8 sec,
the outer radius of a torus. Figure 3 shows the results of measuring the tempera-
ture difference T (1 —— maximum, 2 — average) of the inhomogeneity and the
temperature of the medium T_ in different stages of ascent of the inhomogeneity

(a) and also maximum superheating of the medium beyond the limits of the thermal
in the z=0 plane. The altitude z. is reckoned from the center of the thermal at

the time t=0. The maximum values of the air temperature outside the thermal are
reached a time on the order of 1 second after the time of its formation, and in
the absence of wind they decrease to the initial temperature in the time 10-15 sec.
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As follows from what has been discussed above, the simulated inhomogeneity is
an intense source of thermal radiation. Accordingly, it was of interest to study
the evaporation of fog under the effect of such sources. Experiments in the
simulation of thermals in a cloud chamber 3200 m3 in size were performed for this
purpose. The experiments demonstrated that under the effect of a local radiation
source such as a hot cloud of metal powder aerosuspension, in the vicinity of the
combustion zone the liquid drop fog evaporates. Using the "Mars" aerosol particle
television counter [9], the variation of the microstructure of the fog was
recorded at a distance of 1 meter from the combustion zone. The differential
spectra of the sizes of the fog drops before and after modification averaged
after 3 seconds are presented as an example in Figure 4. As a result of modifica-
B tion by radiation of the combustion zone, the water content of the fog during the
first 3-5 seconds decreases by 2-3 times by comparison with the initial content
(amounting to about 1 g/m3). During the subsequent 10-15 seconds, however, the
drop spectrum acquires a form close to the initial form, which is connected with
the mixing of air in the chamber caused by rise of the heated air.

Discussion of the Results

As is obvious from the presented results, an intense spherical thermal is con-
verted to a torus already in the initial phase of ascent. The known models of a

= spherical thermal [1, 3, 12, 15] describing its evolution in terms of the
temperature T, radius RO’ velocity Uj and entrainment coefficient o thus become
- unacceptable.

Qualitatively, the mechanism of conversion of a spherical thermal to a torus can
be characterized as follows. In the initial phase of ascent a vortex circulation
current similar to the Hill vortex arises in the thermal under the effect of fric-
tional forces. As the rate of ascent increases, the pressure and density gradients
at the boundaries of the thermal lead to the fact that the thermal begins to
flatten out, acquiring the shape of a torus, the air inside which rotates around
a horizontal annular axial line, and a circulation current is formed outside the
torus. As a result of the existence of a velocity circulation around an element
of the vortex ring, it is affected by the Zhukov force directed perpendicularly

to the direction of the velocity of the ring element. The horizontal component

of this force stretches the ring to the sides, and the vertical component brakes
the rise of the ring somewhat. Obviously, the effect of this force explains the
decrease in the rate of ascent of the inhomogeneity observed in Figure 2a for

0.8 second<t<1l.2 seconds.

On the whole, during movement of the obtained thermal inhomogeneities, we observe
three phases of development: Ascent of the spherical thermal, transformation of
the thermal to a torus, ascent of the formed vortex ring. Let us consider the
evolution of the thermal parameters in more detail.

From the experimental data that we obtained it follows that the dimensions of the
nonuniformities of sufficiently large initial volume (on the order of 1 m3 or
more) increase linearly with height: R=Rptoz. It is important to emphasize that
in the initial section of the territory of motion (before conversion of the
thermal to a torus) the entrainment coefficient o turns out to be less than in
the phase of movement of the nonuniformity in the form of a vortex ring. The
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corresponding values of o were 0.1+0.03 for t£0.8 sec and 0.1940.03 for t21.6 sec.
The fact that in the vortex ring phase the value of o is close to values usually
recorded for thermals obviously is a consequence of the generation of the vortic-
ity in it as a result of buoyancy [12].

Using the known models of the spherical thermal [3, 15] and also the vortex ring
[11], the functions R(t) and the rates of ascent U(t) of the thermal inhomogeneity
with initial parameters Rg=0.9 m, T=1300K, Ug=2 m/sec were calculated numerically.
The results of the calculation by a model of a spherical thermal [15] rising in

a uniform medium and by formulas of [3] for the ascent of a cloud of light gas in
the air are presented in Figure 2 in the form of curves 2 and 3, respectively.

The variation of the dimensions of the thermal for times of more than 1.6 seconds
is described satisfactorily by the semiempirical formula obtained in [11] for
floating vortex rings

[ 20urgVer f—u.li(t'+l) "
R(HY=R, Yy £+ TRy 1)

where t'=t-1.6 sec;

RQ" VO', Ug's pg' are the radius, volume, speed and density of the torus for
t'=0;

P, 1is the density of the medium at an infinite distance from the thermal.

The rate of ascent of the ring is found from (1) by the formula
1 dR
ult)==-4dr"
In formula (1), n=5.5 is the proportionality coefficient in the expresssion for
circulation T=nUR. As follows from Figure 2 (curves 4), formula (1) satisfactorily

i describes the process of ascent of the thermal inhomogeneity, although not all of
i the assumptions made when deriving it are completely justified in our experiments.

Thus, in the initial phase of ascent, the evolution of an intense thermal is
described well by the model of a spherical thermal; hereafter, the model of a
floating vortex ring. The laws of ascent in the phase of transformation of a
spherical thermal to a torus require more detailed investigation.

The mean density and temperature of the rising thermal can be calculated by the
formulas derived from the quite simple expressions

=R, po 7t (2)
P(t):pm[l—mr], T-—Tq.' ,

where Re(t) is the radius of a sphere of equivalent volume;

T_ is the temperatire of the medium at an infinite distance from the inhomogeneity.

@
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Inasmuch as the value of Ra(t) is determined from experimentation with large
error, p(t) is calculated under the assumption that a spherical thermal with
Ry=0.9 m and 2=0.19 rises. The results of the calculation are presented in
Figure 3a (curve 3). The dispersion of the experimental points 2 (averaging
with respect to 30 experiments) is caused by the nonuniform temperature distribu-
tion in the thermal and the random position of the measurement point in the
coordinate system connected with the moving target. On the whole, it is possible
to note satisfactory agreement of the calculated and measured temperatures.

The heating of the medium in the vicinity of the thermal observed experimentally
(see Figure 3b), as analysis shows, cannot be explained either by the processes

} of thermal conductivity or by evaporation of the drops directly under the effect
of the radiation of the flames and the combustion products. Obviously,
the basic factor of the heating of the medium in the chamber is radiation heating
of the aerosol particles contained in the air, in particular, particles with
effective size on the order of 10 microns and concentration of 10 cm—3. The
evaporation of the fog in the cloud chamber (see Figure 4) takes place as a result
of a rise in the temperature of the medium.

From a solution of the heat and mass transfer equations for an individual drop
it follows that as a result of the rise in temperature of the aqueous aerosol by
the amount AT=T-T, the drop will evaporate by the law

. Dq__ AT _ Lo, )L
b= B a= T (=)

where R, is the drop radius;
D is the diffusion coefficient of the water vapor in the air;
y is the thermal conductivity of the air;

p1s L, Wy are the density, the heat of vaporization and molecular weight of
waters;

pp(Te) is the density of the saturated water vapor at a temperature Ty,

Then the equation of the evolution of the spectrum of the drop gizes in the heated
air can be represented in the form

of _pA LAY _gop B0 T 3
’;‘- f-R_iT+Rl dk‘—OvA-— Pll+ Dq}"-' ()

Here f(Ry, t) is the distribution function of the drops by sizes at the time t.
Using the Laplace transformation with respect to the time variable, let us
represent (3) in the form

T+ A (£)=fu(RY: Fls R = [ £(6, Ry et )

Here £ (Rl) is the distribution function of the drops by sizes in an undisturbed
aerosol.
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In general form the solution of equation (4) is written as follows:

a

§ i

- 2
SR R 2= .
- - ¢, e dy, (5)

f=R, e vy
(S}

where c(s) is an arbitrary function of the argument s.

From (5) in accordance with the theorem of inversion of the Laplace transformation
we have '
| tix p & Ry se * R}
g %) e 24 't e'tlds = -
f(tht): 2% { s T“le 24 ""fg(v)e dte dS—R)F (R“t M).
3= loo . (S .

- 2
where F(R,.t-ﬂz%) is an arbitrary function of the arguments R; and t—(R%/ZA).

By direct substitution of the expression found for f(Ry, t) in (3), we find that

4 RZ R'.!
F (Rn t ——2-‘;—) =0 ( L - —2'74“) . Considering, in addition, that f(R1,0)=f0(Rl) s

\

we obtain the solution of equation (3):

) /,,(l/ R‘{—2Al) . (6)
fRO=R—=

Curve 3 in Figure 4 corresponds to expression (6) for t=3 sec and AT=0.5K

(the value of AT for r=1.5 m, see Figure 3b). Considering the error in determining
the characteristics of the microstructure of fog (about 307%), the correspondence

of curves 2 and 3 must be recognized as quite satisfactory.

Practical Applications

Delivery of Reagents. One of the methods of delivering the reagent or impurity to
| the given region of the atmosphere is use of ascending movements of air (thermals,
currents, vortex rings) [5, 7, 10, 13]. 1In real situations the maximum height of
rise of the vortex rings is basically determined by the degree of turbulence. The
! vortex ring is destroyed when its energy becomes comparable to the energy of turb-
| ulent pulsations in the atmosphere on a scale on the order of the size of the
! vortex R. Then in order to estimate the maximum height of rise of the vortex
ring under the conditions of local isotropic turbulence it is possible to use the
equation

v = 23R2P
# (max) R('r'nu)’

(7

where ¢ is a constant on the order of one;

€ is the dissipation rate of the turbulent energy.
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From (1), (7) we obtain

. (1) .
z ~1( Qui Rr & w_ﬁ_ 8
‘max 74 13 g ’
Key: 1. buoyancy TN Zeppopmm e '
(1) 4 5
where Qu =¢, (To—T)— 7 R3¢,  is the energy of buoyancy of the thermal
inhomogeneities; Key: 1. buoyancy

Ry is the universal gas constant;
Po is the atmospheric pressure;
u is the molecular weight of the air;

c. is the specific heat capacity of the air for constant pressure. Then
R y=1.75 m3 Rg=0.9 m; To=1300K; Te=293K; =102 to 104 m?/sec3; zpa,=30 to 80 m.

According to the experimental data, Zpax~30 to 50 meters. The estimates obtained
using the equation of motion of the thermal indicate that the presence of a
reagent in the thermal leads to variation of zp., by no more than 10% if the
reagent concentration does not exceed 50 g/m”.

Penetration of Blocking Layers (Inversions). One of the problems of dynamic
modification of atmospheric processes 1s penetration of inversion layers. It is
known, in particular, that under the .conditions of large industrial cities
inversions lead to the occurrence of smogs and vapor trails over the cities, and
the lifted inversions can prevent the occurrence of convective clouds. For the
penetration of such layers intense thermals and currents can be used [8, 6]. The
minimum energy release in a thermal inhomogeneity required to penetrate the
inversion layer by it, can be estimated using the approach of [12] for determining
the height of rise of the floating element in a stably stratified atmosphere:

4
Q=rkmg= '/:.' [7’;“—)—1 (o= 1) CoPom

where k and kj are coefficients taking into account the incompleteness of combus-
tion of the fuel and combustion energy losses to radiation;

q and m are the heat of combustion and mass of the aerosuspension;
z; is the thickness of the inversionj

c(a) is the coefficient taking into account the effect of entrainment and
structure of the thermal, equal to one with respect to order;

Ya and y are the dry adiabatic and true vertical temperature gradients in the
atmosphere.

For z;=150 meters; Ya—y=2.5'10-2 K/mj To=273K; k=0.3; k;=0.75; c(a)=2.66
(a spherical thermal), energy expenditures Q=4.6-108 joules and fuel consumption
m=50 kg for q=3.]-106 joules/kg are necessary. Here the initial size of the

.
thermal Ry will be close to Ro=Y it %:—, 6,5 4.
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Creation of a Clearing Zone in Fogs and Clouds. From the results of experimenta-
tion (Figure 4) and theoretical investigation it follows that the effect of a
source of volumetric heat release on a cloud medium is manifested in the creation
of a cleared zone in its vicinity. Using formulas (3) and (6) and also the

= experimental data it is possible to make estimates of the corresponding variation
of the integral coefficient of attenuation of the radiation in the medium. The
attenuation factor of visible radiation in fog is defined by the expression

oo

2(r, £)= | RPKS(R, t, AT (r)) dR; (B2 »), ©)

m
0
where Kg=2 is the efficiency factor of the attenuation for one drop;

Ap=0.8 microns is the wavelength corresponding to the maximum spectral distribu-
tion of the flame radiation.

For fogs with initial attenuation factor aoH=0.226 m1 (R=6 microms, N=103 cm3)
the calculation by (6) and (9) for t=5 seconds; r=1.5 meter; AT=0.5K gives a
value of 0g=0.50gy. This agrees satisfactorily with the data obtained from
measurements of the fog microstructure during the modification process. The time
of existence of the clearing zone, as has been pointed out, is on the order of
10-15 seconds, which is sufficient for a number of practical applications, for
example, for observation of astronomical targets. It can be increased by
periodically repeated "launching" of the thermals.
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UDC 551.(521.3:593.52) (575.4)
PECULIARITIES OF VARTIATIONS OF THE MICROSTRUCTURE OF ARID AEROSOLS
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 5, May 81 pp 33-38

[Article by V. P. Ivanov, P. A. Maslennikov, V. I. Sidorenko, Candidate of
Physical and Mathematical Sciences V. L. Filippov, Kazan', manuscript received
on 1 Sep 80]

[Text] This paper contains the results of studying the variability of
the disperse composition of aerosols in the ground layer of air
in an arid zonme (Karakumy). The data from the indicated
experiments are generalized on the level of studying seasonal
differences in the particle size spectra.

The results of the studies indicate strong variability of the concentration field
of an atmospheric aerosol. On the other hand, the disperse phase of the air is
one of the primary factors defining the variations of the heat exchange conditions
in the atmosphere. These facts are defined as one of the basic problems of the
complex GAREX Program [3], the performance of regular observations of the varia-
tions of the aerosol particle size spectral during the GAREX-77 and GAREX-79
expeditions. The data from the indicated observations are presented in this
paper, the generalization of which is carried out on the level of studying seasonal
differences in the size spectra Ny in the ground layer of the air of an arid zone
(Karakumy) by the results obtained on the two indicated expeditioms: in
September-October 1977 and February-March 1979, that is, the fall (the number of
spectra investigated further m1=221) and winter (mp=107). '

The measurements of N, were made by the procedure of [2] with the application of
the "Kvant-902M" aerosol classifier [7]. Here we.only note that in the interests
of obtaining more reliable information and in a wide range of particle sizes with
respect to radius r two instruments were used in the experiment simultaneously
tuned to different (but overlapping) ranges of Ar in accordance with Table 1.
Here the conditions of taking the aerosol samples of different fractions and the
number of gradations N in the resultant spectrum are defined in the table.

35

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000400070003-7



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP8§2-00850R000400070003-7

- FOR OFFICIAL USE ONLY

- - Table &
7} D) 5
Q v H ! “ 1
_ - o
S8 £3% 4L °¢ Ba®  AE
Instrument "’g,;,‘ .“:.33 “‘.}’,ﬁ 'cub‘ 808 . S‘”
No Date “53;”,.,’3", 0&08- qao"a' %53(!1 "S‘S“Emwﬁ%
oHTgE oud R s as QO H G
[V o O 0 0 RN g o n O 0 Q.S 0 W
G0 o N R g9 gy Ho A WALV UR O
ERY v gk nwe F g8 B9 ag oo
I~ IR-Y ) E > q P - ‘gLEL?,M £ O wH =W
1 September- 0.1-4.4 5 5 1.8-2.7 0.1-64 25
October 1977
2 1.8-64 200 2
1 February- 0.1-5 5% 5 0.6-0.85 0.1-15 22
March 1979
2 0.6-15 1500 2

*The operating conditions of the instruments on the second expedition were changed
without losses to subsequent analysis of the results considering the experience
of the first measurements, and they permitted the reliability of the obtained

data to be improved.

The qualitative analysis of sets of spectra (Nrm) obtained in the fall demon-
strated that in the investigated region it is necessary to distinguish two aerosol
conditions: 'mormal" for wind velocities V<7 m/sec and "dust storm" conditions
for Vg>7 m/sec which is observed, as a rule on passage of atmospheric fronts.

The quantitative base supporting the indicated principle of separation of the
aerosol conditions was the data from the subsequent statistical analysis of the
interrelation between the particle concentration and wind velocity -- the wind
erosion characteristic —- which under desert conditions is one of the basic
mechanisms regulating the turbidity of the boundary layer of the atmosphere.
During the winter the wind velocity did not exceed 6 m/sec, and here it is
necessary to consider only the conditions which we provisionally called "normal."

In accordance with the adopted subdivision of aerosol conditions of the arid zone
for autumn two sets of particle size spectra were formed, the first of which con-
tained a sample (V<7 m/sec) including 202 separate realizations; the second sample
(VB> m/sec) included 18 realizations. The third sample combined my particle size
spectra recorded during the winter.

The isolated sets (N.) were subjected to statistical analysis. The result of this
analysis was to obtain average aerosol particle distribution profiles by sizes

m
ﬁ??;::-%—?%%%#. which are illustrated in the figure. The particle distribution
with respect to size for the fall period (curves 1 and 2) has the form of a
descending curve with a decrease in concentration toward the region of large
particles. On the particle size distribution curves n(r), independently of
weather conditions, two inflections are observed which are centered in the regions
r=0.3 to 1.5 microns and 5 to 15 microns. This nature of the spectrum can be
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interpreted as a reflection of the superposition of three partial distributions --
Junge distribution [8] with the index g=4 (background distribution) and two
gamma distributions with modal radii of 0.4 and 6-8 microms.

nlremmpm!

10!
17’ .
170*
0!
107
1! _

10?

M
I \
7 L1 a1 L
If10" 10° 19’ rm&)

Mean particle size distribution spectra during autumn (curve 1 --
Vps7 m/sec; curve 2 - VB>7 m/sec) and winter (curve 3)
Key:
a. cm3 micron”
b. microns

1

The background distribution is the result of intraatmospheric nucleation and
subsequent coagulation and heterogeneous condensation growth of the particles
from low-volatile components of the gas phase. ’

For subsequent distributions, the coarsely disperse particle fraction of

mechanical origin -- products of eolation from the soil surface
-— is described. " The first of them wbviously describes the aerosol

traction wnich is made up of secondary products of fragmentation of the soil
particles.
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It must be noted that the profile that we obtained for a dust storm is distorted
somewhat in the particle size range of r>10 microns, for usually a reduction in
the concentration of particles of the indicated sizes as a result of a decrease
in the aspiration factor with increasing wind velocities is observed in the opto-
electronic spectrometers of the type desceribed in [7] for a number of technical
reasons. For the winter season the particle size distribution n(r) (curve 3) is
described by the Junge distribution with index B=3 which corresponds to the ‘con-
ditions in temperate latitudes [81.

Seasonal differences in the investigated particle size spectra obviously have a
stable nature and must be explained by two basic causes:

1. Karakumy belongs to the subtropical climatic zome: in the fall, tropical
air predominates here, but in the winter the air from the temperate latitudes
becomes predominant in the given region.

2. A no less important event for understanding the results is the condition of
the underlying surface. In the fall, as a result of sharp heating of the soil in
the presence of high winds, as a result of grinding and fragmentation of the coarse

- grains in the eolian sands characteristic of the region of investigationm, soil
particles are formed with sizes of less than 50 microns. In the presence of winds
with velocity of Vg>4 m/sec, the latter are sucked off the earth's surface and
carried by the ascending currents from a state of rest to motion in the suspended
state [5]. In February-March 1979, the sand surface was wet, and above the wet
surface the sand moved near the surface and did not rise into the air [5], that is,
conditions were observed under which the transformation of the aerosol content of
continental temperate air was not attenuated by the effect of a local particle
source.

The aerosol particle size distribution spectra obtained during the fall period
were compared with the results of measurements under the CENEX-70 program [1] and
also with the data of I. Blifford [9]. It is possible to confirm good ccrrespond-
ence of the compared materials, which, first of all, indicates representativeness
of the presented materials and, secondly, indicates the usefulness of the hypothe-
sis of similarity of processes regulating the state of the dispersed material in
the atmosphere within the limits of like geographic regions.

The normalized correlation matrix of P,., defining the spectrum sample {n(x)}
for "normal" conditions in the fall is présented in Table 2, and for the winter,
in Table 3. The correlation matrix prir) ‘characterizing the spectrum sample
{n(r)} for a dust storm was not calculated in view of its statistical uncertain-
ty. During the fall a quite strong correlation (Prqr~0.9 to 0.7 was noted
between the particle fractions in the range of 0.2<r<§0 microns, which, according
to the authors of [10], is primarily responsible for the visibility under arid
zone conditions. According to our data some decrease in the coefficient p14, N
is observed, the interpretation of which is complicated at the present time.

In the range of re20-60 micromns the coefficients decrease sharply, approaching
zero. The attenuation of the correlation between the variations of the number

of particles with dimensions of r<10 microns and r>20 microns arises from the
important fact that particles smaller than 10 micronsform the aerosol fraction,
the variations of which in the region of observation are regulated by the relative
humidity of the air and advective factors, for the aerosol can exist for a long
time in the suspended state. At the same time the particles with dimensions of
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more than 20 microns settle out quickly, and generation of them from the soil
surface is determined by the fluctuations of the thermal and wind conditions of
the layer of the atmosphere ne¢xt to the earth,

For the winter season the correlation between the variations of the number of
particles of different size Was appreciably weaker with the exception of
the narrow range of particle sizes r €0,11-0.78 micron, where prirk>0'7'

In the range of r>3.2 microns the correlation coefficients Pryry Pass through zero
and become negative. The correlation matrix of the winter season is similar with
respect to its structure to the corresponding correlation matrix for haze in the
spring in temperate latitudes (see, for example [4]).

Thus, the seasonal variability of the aerosol size spectra in the arid zome is
determined by the condition of the underlying surface and the circulation condi-
tions in the given geographic region.

In conclusion the authors express their appreciation to G. Maksimov for help in
performing the calculations on a computer and also the members of the GAREX~77
and GAREX-79 expeditions and K. Ya. Kondrat'yev for making it possible to partici-
pate in joint work.
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EFFECT OF STATION NETWORK DENSITY ON INTERPOLATED VALUE VARIABILITY
CHARACTERISTICS

Moscow METEOROLOCIYA I GIDROLOGIYA in Russian No 5, May 81 pp 39-47

[Article by Doctor of Physical and Mathematical Sciences R. L. Kagan and
Candidate of Physical and Mathematical Sciences Ye. I. Khlebnikova, Main Geophysics
Observatory, manuscript received 2 Sep 80]

[Text] Abstract: A study is made of the problem of distortion
of meteorological field variability characteristics
during spatial interpolation of them. Evaluations are
made of the underestimation of the dispersion and over-
estimation of correlation for fields of different

™ statistical structure. The distortions of nongaussian

j value - distribution are also considered (in the

| example of logarithmic-normal distribution). It is

demonstrated that different station network density

i in different parts of the earth can lead to significant

nonuniformity of the interpolated value field even in

cases where the investigated field itself is uniform.

Increasing the station network density during instrument

observations can lead to a fictitious secular behavior

of the variability characteristics of meteorological
fields.

When investigating climate variations values of the meteorological elements
interpolated to the nodes of a regular (for example, latitudinal-longitudinal)

- grid are often used {nstead of values actually measured at the stations. Naturally
the variability characteristics of the investigated values must be distorted. The
distortion can be different depending on different factors, including the station
network density. For a comparatively sparse network used when studying climate
variations, underestimation of the dispersion and overestimation of the spatial
correlation of the interpolated values by comparison with the corresponding
characteristics of the initial field, underestimation of the gradients and over-
estimation of the precision of the interpolationm, and distortion of the non-
gaussian value distribution must occur.

The possibility of such effects has been pointed out many times (see, for
example, [4, 61), but the majority of specialists use the data at the grid nodes
under the assumption that in quantitative respects the variability distortion is
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comparatively low. In this article we shall try to illustrate how significant
this distortion can be and how important it is to consider this distortion when
investigating climate variability.

Numerical experiments were performed for this purpose in which the following were
given: the statistical structure of the investigated meteorological field,
mutual arrangement of the interpolation nodes and stations at which observation
data are available for the value of f, and also the method of interpolation of
the values [rom the stations to the grid nodes. Such field characteristics as
the dispersion (02) and spatial correlation (r) were determined by these data,
evaluation of which with an interpolation of the type of

n
7 =:2:plfh
! k=1 * . (1)
where fj are the values at the stations,
%i is the result of the interpolation at the i-th node of the grid,

pi is the weight of the interpolation,

can be performed by the following simple formulas:

n n n
~ 1 .
ry=-—— <2 zp;p{r,,-i-'q" p',pg), 2)
=1

k=11=1 L]

—r =2 XP\P rul 472 Y (PR (3)

k=11i=1 A=1
Here n2 is the measure of the errors in the initial data (see, for example [3]),

39 is the correlation coefficient between the actual observation data at stations
k and ¢,

}.l is the correlation coefficient between the interpolated values at the nodes
i and j,

o2 is the dispersion of the interpolated values.

These formulas pertain to the case of a uniform, isotropic field which, generally
speaking, only roughly corresponds to reality, especially for large-scale areas.
However, this is not basic; the indicated estimates can be performed also for a
nonuniform field, but in the given step it is more significant to show that in

the case where the actual initial field is uniform, the field of the interpolated
values turns out to be nonuniform.

An estimate was also made of the distortion resulting from interpolation of the
nature of the distribution of nongaussian meteorological fields. A statistical
simulation of the values of the meteorological field at the stations and at the
nodes of the given grid was performed for this purpose with subsequent estimation
of the distribution of the interpolated values and its moments and comparison of
these characteristics with the characteristics of the initial meteorological field.
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In the described experiments, station networks of different density were simu-
lated. Here, along with the reference station network, for which a regular
square network was given with grid spacing H, a study was also made of irregular
networks characterized by the same average station density with respect to area
for which the coordinates of the stations were simulated by introducing random
shifts in the reference network coordinates. Inasmuch as the characteristics of
the interpolated values depend on how close the interpolation node is to the
reference station, and in this sense, the interpolated value field obviously is
nonuniform, in order to discover the regular differences of this field from the
initial field we performed estimates for a group of dense interpolation nodes
with subsequent determination of the average characteristics. The calculations
were performed as applied to correlation functions characterizing the fields of
different meteorological elements. Two procedures were used as the interpolation
algorithms: optimal interpolation, for the application of which data are needed
on the statistical structure of the initial field, and bilinear interpolation

not requiring that information be supplied, for which the field is formally
approximated in the vicinity of the node by a first-degree polynomial with respect
to each of the coordinates. Interpolation to the grid nodes was carried out by
the data from four stations, for the selection of which the newest station was
found in each of the quadrants.

Let us present some results obtained for the case of an exponential correlation
function of the type
r () =exp (— p/po);
(4)

where p is the distance between points,
pg is the field correlation scale.

The estimates show that the interpolated value field dispersion is significantly
underestimated by comparison with the initial field dispersion. In the case of
optimal interpolation for distances between stations not exceeding 2pq, this
underestimation is approximated well by a function of the type

| 3=a(l — 7/8)(1 — 0,23 H}p,). (5)

Thus, for H=Zpo the mean square deviation of the interpolated values 0 turns out
to be half the true values of o. Comparison of the two interpolation methods
shows that for bilinear interpolation when H<p, underestimation turns out to be
approximately the same as for optimal interpolation. For a sparser network

(H>pg) bilinear interpolation understimates the field dispersion less than optimal
interpolation, which in some sense compensates for its lower accuracy.
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. Table 1. Correlation ;(p) of Interpolated Values for Different
Methods of Interpolation and Values of the Measure of the
Observation Errors n2

(r(3) = exp (—plp); H =0252)

p (8 acasx ot H) (1)

Cnoco6 HH- .
TeP'EOZﬂ,l"}" 0,125 0,250 | 0,375 0,50 0,75 1,00 1,25 1,50

%

0 OnTHMan b- 0,997 | 0,989 | 0,977 | 0,91 0,925 | 0,887 | 0,847 0,800
HbiA (3)

Buampgu | 0,997 0.989 | 0,976 | 0,960 | 0,923 | 0,885 | 0,844 | 0,793

0,05 | OntManL- 0,995 0,986 | 0,973 | 0,956 | 0,922 0,888 | 0,854 | 0,812
unft (3) -
\ Buawesnwd | 0,994 | 0,982 | 0,967 | 0,949 0,914 | 0,883 0,844 | 0,791"
(4) .
r(s) 0,969 |~0,939 | 0,911 0.883 | 0,829 0..779 0,732 | 0,687

Key:
1. (in fractions of H)
2. Interpolation method
3. Optimal
4., Bilinear

Values of the correlation functions of the variables obtained by optimal and
bilinear interpolation of the initial field are presented in Table 1 for the
given grid size of a regular station network H, for presence and absence of
observation errors. Trom these data it cam easily be seen how much the interpo-
lated value correlation is overestimated by comparison with the initial field
correlation, where the optimal interpolation distorts the correlation function
more than the bilinear interpolation. However, the difference of the correlation
functions of the values obtained by different methods of interpolation, is small
by comparison with the deviation from the true correlation function. The struc-
tural characteristics of the interpolated values also depend comparatively little
on the measure of the initial data errors. Along with overestimation of the
correlation as a result of interpolation, the nature of the correlation function
changes significantly for small spacings: 1in contrast to the initial function,
the correlation Ffunction of the interpolated values is characterized by differ-

entiability at zero, which can lead to high distortion of the estimates of the
field difference characteristics.

As has already been noted, the estimates of the distortions of the statistical
structural characteristics of the field as a result of interpolation were made
also for nonuniform arrangement of the stations. Tt was discovered that with
averaging over large territories the statistical structural characteristics of
the interpolated values calculated by the data from nonuniformly arranged stations

turn out to be more distorted than the same characteristics obtained by a
regular station network.
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The calculations performed for the correlation functions of the type differing
from (4) lead to conclusions analogous to those presented above.

Table 2. Distortion as a Result of Interpolation of the
Distribution of a Logarithmically-Normal Value (mean equal to 0;
r(g) =exp(— fita)s H=po)

Nuddepenunanbian JOnpdepenunanbian
(2 GyHKRUNSA ( $yRrUHA
Hnrepsas pacnpenenerus Hurepaan %%cnpeneneunn
HCTHH- |nOCAE HH- " | " heTHR- |nocae mu-
(1) ygie 3na-|repnons, 1) HHe 3Ha-|Tepnons-
eHHR | UMM (B) venns | unn (4)
—25 =20 0,001 0,000 1,6 2,0 0,038 0,025
—20 —15 0,025 0,003 2,0 2,5 0,020 0,010
—-15 =10 0,114 0,047 2,5 3,0 0,010 0,002
-1,0 —05 0,204 0,187 3,0 3,5 0,005 0,001
—05 0 0.219 0,295 35 . 40 0,003 0,001
0 05 | 0174 | 00235 | Crannapr (5) | 1.00 0.73
05 1,0 0,116 0,137 | Koad. acum.(6)| 1,00 0,77
1,0 1,5 0,069 0,057 Kosd. axeu. (7)| 1,83 1,17
Key:
1. Interval 5. Standard
2. Differential distribution function 6. Asymmetry coefficient
3. True values 7. Excess coefficient
4. After interpolation

Some estimates of the distribution of the interpolated values are presented in
Table 2 for a logarithmically normal value with exponentially decreasing correla-
tion coefficient (let us note that this model in many cases satisfactorily
describes the statistical structure of the precipitation totals). From a compari-
son of this distribution with the true distribution it is obvious that the
spatial interpolation leads not only to underestimation of the dispersion, but
also to sharp distortion of the nature of the investigated value itself, making
it rapidly approach normal.

The estimates show that the optimal interpolation underestimates the field dis-
persion more than the bilinear interpolation, just as it does with other methods
of interpolation. Accordingly, the question arises of to what degree it is
expedient to use it for various purposes. However, . it turns out that it has a
number of advantages by comparison with other methods of interpolation. Let us
only point out that there is a unique relation between o and the mean square rela-
tive interpolation error g described by the simple expression

a=}/T=4¢. (6)

The value of €. is calculated automatically during the process of optimal interpola-
tion, and the Singularities of its spatial distribution have been studied quite
well for various meteorological fields [1, 3]. This permits estimation of the
geographic distribution of the measare of underestimation of the standard in

various parts of the earth for many meteorological elements, using the previously
performed estimates of the accuracy of the optimal interpolation.
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Quantitat’ve estimates of the distortion of the yariability characteristics for
fields of specific meteorological elements depend both on the form of the correla-
tion Function and on the relation between the density of the station network and
the correlation scale. TFor example, the spatial correlation function of exponen-—
tial type (4) is characteristic for a number of meteorological elements, including
the precipitation totals, radiationm, total ozone content, for the monthly values
of which the correlation scale is several hundreds of kilometers, about 1000 km
and 1600 km, respectively. As applied to the precipitation field the estimates
show that in more populous areas where the average distance H between precipitation
gauging stations is about 50 km, the underestimation is within the limits of 10%.
For sparsely populated areas of the USSR, for which a value of HI150 km is
characteristic, this underestimation is different for different areas and in dry
regions, it reaches values of 20-30%. The total radiation has significantly
greater connectedness; inasmuch as, however, the actinometric station network is
much sparser than the precipitation measuring network, even in continental regions
there are broad expanses for which the underestimation of 0 exceeds 207%. The
situation is still worse in the oceans in which the actinometric network is in
practice nonexistent. For total monthly ozone contents in Western Europe where
the distance between stations H is about 400 km, the underestimation of o is also
within the limits of 10%. For values of H=800 km, characteristic of the ozono-
metric network of the USSR, it is about 20%., For H=2000 km, which approximately
corresponds to the station density in the North Atlantic, the underestimation of
o is about 40%. For such regions, of course, the overestimation of the correla-
tion function is very large.

Figure 1. Measure of the underestimation of the standard (o)
for the mean annual air temperature.
1) a<0.63 2) o»0.95.
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Estimates analcgous to those presented can also be made for other correlation
functions. 1In all cases significant dependence of the measure of underestimation
of the mean square deviation o on the station network demsity is characteristic.
Inasmuch as the general nature of the network distribution of stations that
measure various meteorological elements on the earth is approximately identical,
the geographic distribution of the measure of underestimation a for the interpo-
lated values of different elements have analogous form: namely, regions of the
largest values of a close to one are located in the populated areas of Western
Europe, the European territory of the USSR, North America, and Japan. In addi-
tion, there are broad expanses in the polar and equatorial zones and in the oceans
characterized by small values of o, 50% and less.

As an example, a distribution map of the value of a is presented in Figure.l

for the mean annual air temperature constructed on the basis of estimates per-
formed by K. M. Lugina at the State Hydrolegical Institute of the accuracy of
optimal interpolation by the data from a network of 776 stations in the northern
hemisphere used to investigate climate variations [2]. On this map the differ-
ences can easily be seen between the values of a in the different regions of the
earth. It is natural that for meteorological elements with less connectedness
these differences are more expressed.

Thus, using the data at the grid nodes to estimate the variability of the meteor-.
ological parameters without the necessary consideration of the properties of the
interpolated values and different statiom network density in the various regions,
it is possible to arrive at a false conclusion regarding the spatial differences
of the variability characteristics comparable with respect to order of magnitude
to the actually observed values.

It is possible to expect to an equal degree that the variation of the station
network density (and it increases monotonically during the instrument observation
period) must lead to regular variation of the variability characteristics of the
interpolated values with time. Let us present two examples giving a quantitative
representation of how significant this effect can be.

Let the spatial structure of the field be described by an exponential correla-
tion function (4). Then the measure of the underestimation of the variability a
is described by an approximate formula (5). Knowing the average network density
for different time periods, it is possible to estimate the behavior of o,

Let, for example, the number of stations be doubled in some region during the
investigated time period. This appears to be quite realistic for regions with

a sparse network. In this case, at the beginning of the observation period the
average spacing between stations was Hp= 2H; correspondingly, the measure of the
underestimation of the variability was

g, =1-—V2(l—a) N

Hence, it is easy to see that for regions in which a=0.7 at the present time,
doubling the number of stations led to an increase of 20% in this value; for
a=0.6, the increase was 40%; for 0=0.7, it was 70%., Of course, these estimates
are quite rough inasmuch as formula (5) is insufficiently exact for such values
of a, but the formula does permit estimation of the order of the corresponding
anomaly variations.
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Still greater variation of the station network density can be felt in the
characteristics of the gradient of the interpolated value which in practice is
estimated as the difference in the values of the element at different points.
. Specific values of the possible underestimation of the gradient characteristics
depend on a number of conditions, including the method of interpolation. Let us
- consider, for example, a uniform linear interpolation

F)=foth—f = (8

between values of fy and f; at the stations located a distance H from each other.
When determining the gradient by the interpolated values at the nodes xj and xp
located at a distance h in the interval between stationms, the true value of the
gradient T(h) is replaced by the value of F(h)=f(x2)—f(x1)=(h/H) (f1-fg). In this
case the measure of the underestimation of the mean square deviation og the
gradient can be estimated by the formula

1
ren) R 1 - r(H)
rm Do, CH =7 9)

Some estimates made by formula (9) are presented in Table 3 as applied to the
mean monthly and mean annual air temperature when using data on the spatial corre-
lation of this element obtained by K. M. Lugina [7]. From the table it is obvious
that for the regions where the distance between stations exceeds by several times
the distance for which the gradient is estimated, its value even for this ideal-
ized interpolation scheme and with such a bound field as the air temperature
field, can be underestimated by more than a factor of two. Nevertheless, for
certain regions such large distances between stations are a reality.

Table 3. Measure of the Underestimation ur( ) of the Air
Temperature Anomaly Gradient Calculated for }888 km

H, km 1000 1500 2000 2500 3000 4000

Mean temperature for 1.00 0.87 0.78 0.70 0.64 0.54
the month of
January

Mean annual tempera- 1.00 0.83 0.73 0.63 0.59 0.49
ture

Let us note, for example, that for the zone north of 70° north latitude in this
century it is possible to expect an increase in the interpolated value anomaly
gradients by more than twofold 1f we consider that at the beginning of the
century regular observations were performed in this area only by three statioms,
and they were located around the periphery of the polar basin, and at the
present time there are almost 100 such stations. It is possible to expect a
significant increase in the temperature gradients for the instrument observation
period as a result of an increase in the station network density also in the
equatorial zone. In temperate latitudes where the increase in station network
density is noticeably less, the growth of the gradients as a result of this fac-
tor must be comparatively small.
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In the light of these arguments, the data presented in [5] on the variations of

the values of the air temperature anomaly gradient modulus in different latitudinal
- zones for the 1891-1976 period calculated by the data at the nodes of the latitude-

longitude grid, are of interest. From Figure 2, in which the graphs of the

gradient standards of the mean monthly temperature anomalies (averaged for the

year) taken from [5] are reproduced, it is obvious that an increase in the gradients

with time is characteristic of all zones, but it is most significant (by several

times) for the Arctic Basin (the vicinity of 80° north latitude) and near the
equator (20° north latitude).

14
55
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_ Figure 2. Standard (°C/10° meridian) of the anomaly gradient
modulus of the mean monthly air temperature averaged for the
year (according to the data of [5]).
1 -- initial time series; 2 —— result of approximation by <
third-degree polynomial
Key:
a. 20° north latitude

Without rejecting the possibility of the existence of a trend, let us note that the
discovered behavior of the gradients, generally speaking, can be explained by
variation of the station network density over the course of the investigated
period. It is obvious that to draw a conclusion about the actual increase in
climate variability (or, let us say, about intensification of the meridional
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transport) based on such secular behavior of the anomaly gradients, a careful
estimate and exclusion of that part of the secular behavior which is determined by
causes of a procedural nature, are required.

In conclusion, let us note that the authors are far from stating that the presented
estimates are accurate and can be used for direct correction of the characteristics
obtained at the grid nodes. The variety of interpolation schemes used in practice
- is too great, and the structural peculiarities of different meteorological fields
are too complex for it to be possible to fit them in the very simple schemes that
we have used. If, however, even the order of the obtained values corresponds to
reality, it is necessary to consider the investigated factor in climate studies.
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RELATION OF MEAN ANNUAL VALUES OF THE ALBEDO AND SHORTWAVE RADIATION BALANCE TO THE
SAME INDICES IN EARLY SPRING

toscow METEOROLOGIYA I GIDROLOGIYA in Russian No 5, May 81 pp 48-52

[Article by Doctor of Biological Sciences Kh. G. Tooming, Estonian Agrometeorologi-
cal Laboratory of the All-Union Scientific Research Institute of Agricultural
Microbiology, manuscript received 16 Sep 80]

[Text] Abstract: A close relation was detected betweel the
mean annual albedo and shortwave radiation balance and
the albedo and shortwave balance in snow-covered areas
in the early spring. The parameters of the regression
equations of these relations are presented.

The annual behavior of the albedo of the underlying surface has been well investi-
gated by Soviet scientists [2, 4, 5]. Albedo distribution maps have been compiled
for the territory of the USSR in various seasons, and the mean annual albedo has
been established as a function of the time of existence of the snow cover [1, 3, 4].
On the basis of data from Tartu station we found that the mean annual albedo depends
on the albedo of the early spring months -- March and April [6].

At a number of points in the USSR the total and reflected radiation have been con-
tinuously recorded for a number of years, and at Tartu station these values have
also been integrated. Thus, we have the possibility of a more detailed study of
the albedo questions. In this article we have set as our goal the discovery of the
dependence of the mean annual albedo on the albedo in the early spring season at
certain points in the USSR and also the dependence of the mean annual shortwave
radiation balance (SWRB), that is, the shortwave radiation absorbed by the under-
lying surface in a year, on the shortwave radiation absorbed in the early spring
season.

In this paper the mean annual albedo and the albedo for the early spring season are
defined as the ratio of the corresponding sums of the reflected radiation to the
sum of the total radiation. The shortwave radiation balance is defined as the
difference in the sums of the total and reflected radiation.

The relation we detected between the mean annual albedo and the spring albedo is
expressed by the following regression equation:

Ar=_“ir + R.\‘l-l‘("ln_z')’ &
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Figure 1. Mean annual albedo AT as a function of the early
- spring albedo Ag.
_ 1 —- Moscow (March-April), 2 -- Voyeykovo (March-April),
3, -- Irkutsk (February-March), 4 -- Verkhoyansk (April-May),
5 -- Petropavlovsk-na-Kamchatke (March-April), 6 -- Tartu
(March-April), 7 -- Borispol' (Kiev) (February-March),
8 -— Kishinev (February-March).
Key:
a. AF
- b' AB =,
where AF is the mean annual albedo,
XF is the mean perennial value of the mean annual albedo,
Ag is the albedo in the early spring season,
Zﬁ is the mean perennial value of the early spring albedo,
Ry/x is .the regression coefficient.
The parameters of this equation for certain places are presented in Table 1.

By the data from the Verkhoyansk, Voyeykovo and Tartu stations (Figure 1, Table 1)
it turns out that the relation of Ap to Ag 1s the closest, especially in northern
regions. TFor these stations the dependence of the mean annual albedo on the March-
April albedo is in practice functional (r=0.92 to 9.96, p=0.99). For Tartu station
the mean annual albedo can be calculated by the equation

A:=027+0,21 (Anpy —0,39), 2

for Voyeykovo

A,=0,25+0,19 (Auspv —0.41), 3
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for Verkhoyansk

A,-=l0,35+0.30 (A|v+v —0,50). (4)

The relation of the mean annual albedo to the March-April albedo is also close by
the data from the stations at Petropavlovsk-na-Kamchatke, Kuybyshev, Moscow and
Arkhangel'sk (Table 1). Since beyond the Arctic Circle in Verkhoyansk and in
Kamchatka, the snow goes off in May, a close relation is noted between the mean
annual albedo and the April-May albedo. The relation is also comparatively good
by the data from the stations at Kishinev, Borispol' (Kiev) and Omsk. A relation
of AF to the February-March albedo i1s noted at these stations. The relation is
weaker in Irkutsk, Vladivostok and Tashkent (Table 1), where the snow disappears in
February at the last-mentioned station, and a relation is noted between AF and the
- January~February albedo.

Table 1. Parameters of the Regression Equation (1), the Correlation
Coefficients r and their Probability Levels p for Certain Points in

the USSR
No of _
Station years AP Period Ap Ry/x T P
- of ob-

servation
Verkhoyansk 12 0.35 April-May 0.50 0.30 0.96 0.99
Arkhangel'sk 12 0.28 March-April 0.48 0.18 0.77 0.99
Yakutsk 11 0.31 The same 0.57 0.16 0.61 0.95
Voyeykovo 12 0.25 " 0.41 0.19 0.93 0.99
Tartu 26 0.27 " 0.39 0.21 0.92 0.99
Moscow 11 0.30 " 0.43 0.20 0.70 0.95
Petropavlovsk-na- 13 0.33 " 0.53 0.27 0.83 0.99

Kamchatke
Petropavlovsk-na-

Kamchatke 13 0.33 April-May 0.31 0.30 0.72  0.99
Kuybyshev 14 0.24 March-April 0.30 0.17 0.81 0.99
Vladivostok 12 0.26 The same 0.25 0.23 0.50 0.90

(Sad-gorod)

Omsk 12 0.25 February-March 0.63 0.16 c.75 0.99

Irkutsk 23 0.20 The same 0.32 0.21 0.62 0.99

Borispol' (Kiev) 11 0.23 " 0.43 0.09 0.77 0.99

Kishinev 24 0.19 " 0.28 0.11 0.78 0.99

Tashkent 24 0.24 January- 0.37 0.07 0.41 0.95
February

It is possible to see that the relation of the mean annual albedo to the early
spring albedo in southern areas is weaker than in northern areas (Table 1, Figure 1).
As a rule, in the northern regions the sensitivity of the mean annual. .albedo with
respect to early spring albedo is higher than in the southern regions. This is
indicated by the high slope of the straight lines and higher regression factor of
the dependence of A. on in Verkhoyansk, Voyeykova, Tartu and in Petropavlovsk-
na-Kamchatke by comparison with these indices for Kishinev, Borispol' (Kiev) and
Tashkent (Figure 1, Table 1). It is also possible to note (Table 1) that the
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regression factor of the relation Ar=f(AII+III) is higher for Siberia (Irkutsk,
Omsk) than for the European territory of the USSR (Borispol', Kishinev).

The main cause for the relation between the mean annual albedo and the early spring
albedo consists in the fact that the total and reflected radiation sums in the
early spring months are comparatively high. The total reflected radiation can

- vary within large limits depending on the duration of the snow cover and its

’ reflectivity. The variations of the albedo in the winter and fall months do not
have great significance in the formation of the annual albedo, for the total and
reflected radiation sums are small in these months. In the summer and fall months

- the albedo of the grass cover varies comparatively little and has no significant
influence on the variation of the annual albedo.

The shortwave radiation absorbed in a year, that is, the SWRB, is in a compara-
tively satisfactory correlation with the absorbed radiation for the early spring
season. The regression equation of the mean annual SWRB with the early spring SWRB
is the following:

Bkr = E-kr + R’lx (Bk; _Eks)’ . (5)

where Bkr is the mean annual SWRB,

Ekr is the mean perennial value of the mean annual SWRB,

BkB is the SWRB for the early spring season,

ﬁkB is the mean perennial value of the SWRB for the early spring season,
Ry/x is the regression factor.

The correlation of the values of the SWRB is close in certain regions (Table 2).

For cxample, in Verkhoyansk and Petropavlovsk-na-Kamchatke the relation of the mean
annual SWRB to the SWRB for the early spring season is also closer and more signif-
icant (r=0.68 to 0.73, p=0.95 to 0.99) than the relation of the mean annual SWRB

to the annual total radiation sums (r=0.30 to 0.40, p<0.90). The correlation
between the values of the SWRB is also close in Borispol' (r=0.72, p=0.99) (Table 2).
At the rest of the locations, the relation of the mean annual SWRB to the SWRB of
the early spring season is somewhat weaker(Table 2). In Tartu, for example, the
mean annual SWRB depends more on the arrival of the total radiation (xr=0.77,

p=0.99) than on the SWRB of the early spring season (r=0.61, p=0.99).

In the territory of the USSR in a number of regions (Voyeykovo, Tartu, Moscow,
Petropavlovsk—na—Kamchatke), the relation of the mean annual SWRB to the SWRB of

the early spring season (Figure 2) can be expressed by a common regression equation
for all these points

B,,=160,0 + L2(Bayy ™ 9,2). 6)
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Table 2. Parameters of the Regression Equation (2), Correlation
Coefficients r and their Probability Levels p for Certain Points

of the USSR
No of
years _
Station of ob- B Period B R.. T P
servations kr kB y/x
Verkhoyansk 12 51.9 April-May 13.0 1.05 0.68 0.95
Arkhangel'sk 12 50.5 March-April 6.7 0.99 0.34 0.90
Yakutsk 11 61.8 The same 8.2 0.56 0.42 0.90
Voyeykovo 12 58.5 " 8.1 1.37 0.54 0.95
Tartu 26 60.4 " 9,8 1.34 0.61 0.99
Moscow 11 58.5 " 9.0 1.00 0.41 0.90
Petropavlovsk-na- 13 62.1 " 9.7 1.03 0.73 0.99
Kamchatke
Kuybyshev 14 74.1 " 12.5 1.05 0.49 0.90
Omsk 12 70.5 February-Mdrch 4,3 1.77 0.40 0.90
Irkutsk 23 79.5 The same 8.9 2.63 0.54 0.99
- Borispol' (Kiev) 11 72.2 " 6.0 1.72 0.72 0.99
Kishinev 24 83.6 " 7.8 1.52 0.58 0.99

The regression equations (Table 2) have some forecasting significance. They permit
approximate prediction of the values of the mean annual SWRB in the early spring.

The variations of the mean annual albedo and the SWRB of the early spring season
must have some climatological significance. A detailed role of the albedo and the

! SWRB of the early spring season during climate formation is difficult to establish
as a result of the predominant significance of advective heat exchange in the major-
X ity of regions. We have been able to detect only a weak, but significant correla-
tion of the sums of the effective temperatures before the end of June and July with
the early spring albedo.
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Figure 2. Mean annual SWRB By as a function of the SWRB in the
early spring By . r
a —- Verkhoyansé (April-May); b —- Tartu (1); Petropavlovsk-na-Kamchate
(2), Voyeykovo (3), Moscow (4) (March-April); c -- Borispol' (Kiev)
(February-March); d -- Kishinev (February-March)
Key:
A. By, kcal/cm2
B. Bkr, kcal/cm?
B
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Thus, for Tartu, the regression equation will be

) % ¢(> 5°C) = 520 — 290 (Awrv — 0,39); r= 0,52, p=0,99; %)
for Petropavlovsk-na-Kamchatke

: VZ"t(> 5° C) = 335 — 260 (Awy v — 0,31); 7=0,40, p= 0,90, (8)

X #(>10°C) = 85 — 220 (Arv4v — 0,31); r= 6,45. p =0,90. (9

vii

At more southerly points, it was not possible to detect significant correlation of
the early spring albedo with the thermal conditions of subsequent months.

Conclusions

1. A relation of the mean annual albedos and SWRB to the same indices in the
early spring is noted in all snow-covered parts of the USSR, but it is more sharply
noted in the northern regions.

2. Knowledge of the early spring albedo permits the mean annual albedo to be
predicted well in the northern regions, and knowledge of the SWRB in the early
spring makes it possible to judge the mean annual SWRB satisfactorily.

3. In some northern areas of the USSR, the early spring albedo has some influence
on the thermal conditions of the subsequent spring and early summer months.
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BRIGHTNESS VARIATIONS OF CLOUD FIELDS WHEN OBSERVED FROM DIFFERENT ALTITUDES
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 5, May 81 pp 53-58

[Article by Candidate of Technical Sciences L. I, Chapurskiy, Leningrad, manuscript
received 9 Oct 80]

[Text] Abstract: The isophots of cloud fields are presented
as applied to observation conditions from altitudes up
to 9 and above 36,000 km. It is demonstrated that for
observations from high altitudes the brightness of the
global cloud fields varies within smaller limits than
the sine of the solar angle at viewable points of the
visible earth's disc as a result of nonuniform altitude
of their upper boundaries and structural peculiarities.

When solving certain problems connected with remote sounding of the atmosphere, it
is necessary to estimate the dynamic brightness range of clouds falling into the
field of view of the equipment located at different distances from the earth's
surface. The cloud brightness depends on the optical thickness of the clouds, the
albedo of the underlying surface, the observation configuration, radiation absorp-
tion and scattering effects in the atmosphere above the clouds and other factors
[7]. 1In this paper a study is made of the influence of indicatrix effects on the
formation of the brightness fields of clouds observed from different altitudes
with different values of the solar radiation scattering angle y. The angle ¥y
depends on the sun altitude angle at the observed point on the cloud surface hG}
(or the zenith distance at the sun i=90°-lig), the azimuthal sun angle’ @7 included
between the sun vertical and the viewing (scanning) plane and also on the angle of
the zenith distance of the direction of the observer O with apex at the viewed
point of the cloud. In the case of a "flat" cloud, the angle O is equal to the
nadir scanning angle.

In reference [2] it is demonstrated that for solar angles of more than 30% the
variations of the observed cloud brightness as a function of the solar angle
angle for 0=0 are well described by the theoretical brightness indicatrix of
stratiformis presented in reference [7]. For h33536¢according to the experimental
data the cloud brightnesses exceed the analogous values obtained when using the
tabulated data from reference [7]. It must be noted that in [2] the results of
integral measurements by a television unit based on the LI-408 tube and measure-
ment data using the SPI-2M spectrometer installed on the I1-18 flying laboratory
of the Main Geophysics Observatory were used to check the theoretical model of
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The spectral brightness indicatrices of cloud fields were measured in flights in
the vears of 1967-1972 [5, 6]. The flight date were used to construct bright-
ness  indicatrices for stratiformis. . Figure 1 shows stratiformis isophots
in the visible range of the spectrum for observations from altitudes up to 9 km.
On the graphs in Figure 1 the brightnesses for different angles O, ¢ and three
values of the solar angle h<. are normalized with respect to the brightness in the
nadir. Trom the figure it rollows thab for lowsolarand scattering angles close to
mirror, the brightness coefficients of the clouds exceed a value of 6, for the

_ brightness coefficients in the nadir for these sun altitudes are on the average
from 0.6 to 0.7. In the near infrared region of the spectrum and also when observing
crystalline clouds the brightness anisotropy of their upper boundary can be one and
a half times more than in the visible range of the spectrum. The indicated
indicatrix effects are one of the causes of the experimentally known increase in
cl